Activation of a 40 kDa protein kinase in Dunaliella tertiolecta was detected by in-gel kinase assay when the cells were subjected to various forms of stress, such as heat shock, acidic stress and H 2 O 2 . The substrate specificity of the 40 kDa kinase resembles that of HAP kinase (high osmotic pressure-activated protein kinase). An anti-phosphotyrosine monoclonal antibody did not co-precipitate with the 40 kDa kinase in the cell extracts of Dunaliella subjected to stress. Treatment of Dunaliella cells with mastoparan or AlF 4 -, trimeric G-protein activators, stimulated another protein kinase with a relative molecular mass of 46 kDa. This protein kinase has a different substrate specificity from that of HAP kinase and the stress-activated 40 kDa kinase. These results suggest that the stress-activated 40 kDa kinase is closely related to HAP kinase and that the 46 kDa kinase is associated with a putative trimeric G-protein.
The halotolerant green alga Dunaliella tertiolecta can grow in a medium containing 0.1 to 5 M NaCl. These cells do not have a rigid cell wall and, when subjected to hypo-or hyperosmotic shock, temporarily change shape and volume by regulating the intracellular glycerol content. Recent study implies that enzyme activation via regulatory cofactors or chemical modifications such as phosphorylation/ dephosphorylation may participate in the osmotic stress signaling of Dunaliella 36) .
It has been reported that various forms of environmental stress including high osmolarity, heat shock, acidic stress and oxidative stress, induce the activation of corresponding protein kinases, HOG1 in budding yeast cells 21) and MAPKAPkinase-2 20) and SAP kinase/c-Jun kinase 13) in mammalian cells. Recently, evidence has been accumulating that particular protein kinases in plant cells are also activated in response to various environmental stress and phytohormones 10, 25) .
It was demonstrated that protein phosphorylation is involved in the signal transduction of the halotolerant green alga Dunaliella tertiolecta in response to hypo-and hyperosmotic stress 33, 35) . In vivo 32 P-phosphate-labeling experiments using D. tertiolecta cells indicated that hypoosmotic shock causes the transient phosphorylation of the microsomal proteins at 28-33 kDa 36) . A previous study with aequorin, a calcium luminescense protein, and a neutralizing antibody against Dunaliella CDPK (Calcium-Dependent Protein Kinase) indicated that intracellular calcium and CDPK have pivotal roles in the osmoregulation of green algal cells 32) . Hyperosmotic shock rapidly stimulates HAP kinase (High osmotic pressure-Activated Protein kinase) with a relative molecular mass of 40 kDa in Dunaliella cells, while hypoosmotic shock activates LAP kinase (Low osmotic pressure-Activated Protein kinase) of 40 kDa 33) . HAP kinase is regulated by phosphorylation status on its polypeptide and composed of protein kinase cascades involved in the osmosensing system of Dunaliella cells. It has been well characterized at both physiological and biochemical levels that Dunaliella cells adapt to several forms of environmental stress, i.e. hyerosmolarity, high temperature, acidification of medium, etc 8) , however, the signal transduction mechanisms of Dunaliella cells are poorly understood in terms of molecular biology except for CDPK in D. tertiolrcta 18) . Under excess photoirradiation, photosynthetic electron transport systems and photorespiration cycles in algae and higher plants are likely to cause production of H 2 O 2 or superoxide molecules, inducing oxidative stress on the cells. Dunaliella bardawil accumulates b-carotenoide in response to nutrient limitation, high salt concentration or excess photoirradiation 15) . These observations suggest that environmental stress stimulates corresponding signal transduction pathways which induce stress-specific gene expression to aquire tolerance.
To elucidate the early events in the biochemical processes of protein phosphorylation particularly in Dunaliella cells exposed to various forms of environmental stress such as heat shock, acidification of medium and H 2 O 2 , the activation of protein kinases was determined by an in-gel protein kinase assay with the cell extracts. The present study reveals that various types of stress activate a 40 kDa kinase in Dunaliella cells and that the enzyme is closely related to HAP kinase which appeared to be activated by hyperosmotic shock 33) . Furthermore, activators for trimeric GTPbinding protein (G-protein) signaling but not environmental stress stimulate another protein kinase with a relative molecular mass of 46 kDa in Dunaliella cells. 
Materials and Methods

Reagents
Algal culture
Dunaliella tertiolecta cells were grown as previously described 35) . The algal cells were harvested by centrifugation at 600´g for 5 min at 15°C and resuspended in a phosphate-free algal medium containing 0.5 M NaCl. The cell concentration was adjusted to a 0.5% (v/v) cell volume and the cells were incubated at 30°C for 12 h with gentle shaking and continuous light illumination, and then used for experiments.
Stress treatments
The temperature of the algal culture was rapidly increased from 30°C to 38°C by diluting with 1.5 volumes of pre-heated medium and then the culture was incubated at 38°C in a water bath. As acidic stress, the pH of the medium was altered from 7.5 to 3.5 by adding a stress medium containing 20 mM phosphoric acid and 0.5 M NaCl for the isoosmotic medium containing 20 mM phosphate-Na (pH 7.5) in which the cells were incubated. To activate trimer Gproteins, Dunaliella cells were treated with an isoosmotic medium containing 10 mM mastoparan or 0.1 mM AlF4 -(by adding 5 mM NaF and 0.1 mM AlCl 3 ). As UV-C (254 nm) stress, the cells were irradiated with a UV illuminator (Fluo LINK Vilber Lourmat Co. LtD) at 8 W/m 2 for 10s. At intervals after the treatment, the cells were killed by adding CCl 3 COOH at a final concentration of 10% and transferred onto ice. After centrifugation at 16,000´g for 15 min at 4°C, the pellets were resuspended in acetone solution (acetone: H 2 O, 8:2 (v/v)) by sonication. The resultant suspensions were centrifuged at 16,000´g for 15 min at 4°C and the pellets were dried under vacuum. The samples were resolved in the SDS-PAGE sample buffer and then subjected to SDS-PAGE.
In-gel protein kinase assays
An in-gel protein kinase assay was carried out as described by Kameshita and Fujisawa 11) . Briefly, 10% polyacrylamide gels containing 0.2 mg/ml of histone H1 (histone-gel), dephosphorylated casein (casein-gel) or MBP (MBP-gel) were prepared according to conventional SDS-PAGE 14) except for supplement of substrate proteins. After electrophoresis, these gels were washed with 50 mM TrisCl (pH 8.0) containing 20% isopropanol, and then with 50 mM Tris-Cl (pH 8.0) containing 5 mM b-mercaptoethanol (washing buffer). The denaturation of polypeptides in the gels was completed by shaking the gels in washing buffer containing 6 M guanidine-Cl. In order to re-activate protein kinases, the gels were gently shaken in washing buffer con-taining 0.05% Tween 40 at 4°C for 15 min to 20 h. After the gel had been equilibrated with 40 mM Hepes-KOH (pH 7.6) containing 10 mM MgCl 2 , 0.5 mM EGTA and 1 mM dithiothreitol (reaction buffer) at 4°C for 30 min, they were incubated in the reaction buffer containing 25 mM ATP[g-32 P] (final concentration, 37 kBq/ml) at 30°C for 1 h to initiate the reaction. The protein kinase reaction was terminated by transferring the gels into 3% (w/v) CCl 3 COOH containing 1% Na 4 P 2 O 7 /10H 2 O. The gels were successively washed by exchanging the solution to remove unreacted radioactive ATP. After drying, radioactive signals of 32 Pi-phosphorylated polypeptides in the gels were visualized by BIOIMAGING ANALYZER BAS2000 (Fuji Photo Film Co., LtD).
Immunoprecipitation
The samples were solubilized in 62.5 mM Tris-Cl (pH 6.7), 2% SDS and 3% b-mercaptoethanol. The resolved samples were diluted with 20 volumes of 50 mM Tris-Cl (pH 8.0) containing 1 mM EDTA and 1% Triton X-100 (washing buffer) and incubated for 15 min at 4°C. After centrifugation at 15,000´g for 10 min at 4°C, the resultant supernatants were transferred into new tubes. Two microliter of anti-phosphotyrosine monoclonal antibody (PY-20) and 30 ml of 20% (v/v) protein A Sepharose CL-4B bead slurry suspension were equilibrated with washing buffer. The suspensions were rotated for 2 h at 4°C. The protein ASepharose beads were precipitated by centrifugation at 15,000´g for 1 min at 4°C and then the supernatant was discarded by aspiration. After repeating the same washing treatment 3 times, Laemmlie's sample buffer was added to the immuno-decorated beads and incubated at 95°C for 3 min. After a brief centrifugation, the resultant supernatants were subjected to SDS-PAGE for in-gel kinase assay as described above.
Immunoblotting analysis
Proteins in the SDS-polyacrylamide gels were electrotransferred onto polyvinyliden difluoride (PVDF) membrane as described by Shimogawara and Muto 24) . After blocking with PBS cntaining 5% (w/v) skim milk and 0.05% Tween 20 (blocking buffer) for 60 min, the membrane was treated for 2 h with anti-phosphotyrosine monoclonal antibody diluted 1/2000 (v/v) or an anti-ubiquitin rabbit polyclonal antibody 24) diluted 1/600 (v/v) in the blocking buffer. After washing 3 times with the blocking buffer, the membrane was incubated with 1/2000 (v/v)-diluted horse radish peroxidase-conjugated recombinant protein G. After washing 3 times with the blocking buffer and once with PBS containing 0.05% Tween 20, the immunodecorated protein bands were visualized by incubating the membrane in 100 mM Na-citrate (pH 4.2) containing 1 mM diaminobenzidine and 0.03% H2O2.
Results
A 40 kDa kinase is activated by heat shock, acidic stress and H 2 O 2 treatment
Treatments of Dunaliella cells with heat shock by shifting medium temperature from 30°C to 38°C, and acidic stress (from pH 7.5 to pH 3.5) rapidly stimulated a protein kinase with a relative molecular mass of 40 kDa in the both histone-gel ( Fig. 1A and B, left panels) and casein-gel ( Fig.  1A and B, right panels). Under heat shock or acidic stress, the apparent activity of the 40 kDa kinase increased to a maximum level at 2 min after heat shock or at 5 min after Dunaliella cells (2 ml packed cell volume) were killed by adding CCl3COOH at a final concentration of 10% (v/v) at the times indicated after stress treatment. Panel A shows protein kinase activty of Dunaliella cells under heat shock (from 30°C to 38°C); Panel B shows the activity under acidic stress (from pH 7.5 to pH 3.5). In-gel kinase assaies were performed using histon-gels (Panels A and B, left) and casein-gels (Panels A and B, right)., Arrows indicate a 40 kDa protein kinase.
acidic stress. In both cases, the activity of the 40 kDa kinase was sustained for 10 min. Meanwhile, H 2 O 2 (5 mM) treatment gradually activated a protein kinase with the same relative molecular mass, 40 kDa, in a histone-gel ( Fig. 2A, left  panel) . In contrast to heat shock and acidic stress, H 2 O 2 treatment did not stimulate the protein kinase in casein-gel ( Fig. 2A, right panel) . When an in-gel kinase assay was carried out with the MBP-gels, the protein kinase activity did not change in extracts of Dunaliella cells which were subjected to heat shock, acidic stress or H2O2 treatment (data not shown). The activity of HAP kinase at 40 kDa was detected in casein-gel and histone-gel but not MBP-gel, whereas the activity of LAP kinase (Low osmotic pressureActivated Protein kinase) at 40 kDa was detected in MBPgel and histone-gel but not casein-gel 33) . Therefore, the fact that the stress-activated 40 kDa kinase preferentialy phosphorylates casein over MBP is important to distinguish it from LAP kinase.
UV-C irradiation has no effect on protein kinase activity It was reported that UV irradiation stimulates MAP kinases in higher plant 26) , budding yeast cells 7) and mammalian cells 5) . It has been well documented that UV irradiation causes genotoxic stress from DNA damage and the production of free radicals by exciting electrons of various biomolecules leading to oxidative stress. UV irradiation induces the up-regulation of a set of specific genes for stress tolerance and DNA repair. When Dunaliella cells were subjected to UV-C irradiation (80 J/m 2 ), no change in protein kinase activity was detected by in-gel kinase assays using histone-gel (Fig. 2B, left panel) , casein-gel (Fig. 2B,  right panel) or MBP-gel (data not shown).
Mastoparan and AlF 4
-stimulate a 46 kDa kinase but not the 40 kDa kinase It has been reported that MAP kinases are potentially activated downstream of trimeric G-protein signaling in mammalian cells 30) and budding yeast cells 2) , and that trimeric Gproteins are candidates for receptors of the H 2 O 2 signal 17) . To examine whether the 40 kDa kinase activated by stress in Dunaliella cells is involved in trimeric G-protein signaling and/or calcium signaling, Dunaliella cells were treated with mastoparan (10 mM) and AlF 4 -(0.1 mM), a trimeric G-protein activator, or ionomycin (5 mM), a calcium ionophore.
When Dunaliella cells were treated with mastoparan and AlF4 -, a rapid activation of protein kinase(s) with a relative molecular mass of 46 kDa was detected by in-gel kinase assay with histone-gels ( Fig. 3A and B) . The 46 kDa kinase stimulated by mastoparan and AlF4 -was also detected with MBP-gel but not casein-gel (data not shown). When Dunaliella cells were treated with ionomycin, no change in protein kinase activity was detected by in-gel kinase assays with histone-gel (Fig. 2C) , MBP-gel or casein-gel (data not shown). Dunalella cells were exposed to an isotonic medium, containing 5 mM H2O2, and then killed with 10% CCl3COOH at the times indicated after the stress treatment. In-gel kinase assays were performed as in Fig. 1 . Panel B shows protein kinase activities of Dunaliella cells under UV-C treatment detected in histone-gel (left) and casein-gel (right). Dunaliella cells were exposed to an isoosmotic medium in a plastique dish under illumination of UV-C (80 J/m 2 ), and then killed with 10% CCl3COOH at the times indicated after the stress treatment. In-gel protein kinase assays were performed as in Fig. 1 . An arrow indicates a 40 kDa protein kinase.
Phosphatase treatment inactivates the 40-kDa kinase and the 46-kDa kinase
To examine whether protein phosphorylation is involved in the activation by abiotic stress of 40 kDa kinase and mastoparan-activated 46 kDa kinase, extracts from Dunaliella cells exposed to heat shock, acid stress and mastoparan were subjected to incubation with calf intestinal alkaline phosphatase. Signals of the 40 kDa and 46 kDa kinases completely disappeared in samples after treatment with the phosphatase (Fig. 4A, lanes 1, 2 and 3) . The 75 and 85 kDa kinases, which are not activated by heat shock, acidic stress or mastoparan, were also susceptible to phosphatase treatment. These observations suggest that the stress-activated 40 kDa kinase and the mastoparan-activated 46 kDa kinase require phosphorylation on these polypeptides for kinase activity.
Immunoprecipitation with an anti-phosphotyrosine monoclonal antibody
To examine whether the stress-activated 40 kDa kinase is phosphorylated of the tyrosine residues as same as MAP kinases, an immunoprecipitation assay was carried out in Dunaliella cells. After the treatment of cells with heat shock, acidic stress, H2O2, or UV-C irradiation, cell extracts were immunoprecipitated with anti-phosphotyrosine antibody, and then an in-gel protein kinase assay was carried out with the immunoprecipitates (Fig. 4B) .
The assay with immunoprecipitates of stress-treated and control cells revealed a 75 kDa protein kinase in histone-gel (Fig. 4B) , while immunoprecipitates obtained with protein A Sepharose CL-4B beads showed no kinase activity (data not shown). This suggests that in Dunaliella cells, a protein kinase of 75 kDa which phosphorylates histone H1 is phosphorylated on the tyrosyl residues of the polypeptide but is distinct from the stress-activated 40 kDa kinase. In addition, no signal was detected at a relative molecular mass of 40 or 46 kDa in immunoblotting assays using antiphosphotyrosine antibody with the extracts of Dunalella cells exposed to stress (data not shown).
Effect of heat shock and H 2 O 2 on ubiquitin and ubiquitinated proteins in Dunaliella cells
A group of heat shock proteins are known to be expressed under various conditions of environmental stress paticularly heat shock, in a range of organisms including both procaryotes and eukaryotes. Ubiquitin, a small protein (approximately 8 kDa) whose amino acid sequence is highly conserved among fungi, plants and animals, is a major heat shock protein. Under stress conditions or during specific phases of the cell cycle 24) , ubiquitin is conjugated to various proteins which are subjected to proteolysis by the ubiquitinproteasome system. It was reported that ubiquitin and the ubiquitination of proteins, a 28 kDa protein in particular, are -and ionomycin on protein kinase activity. Dunalella cells were exposed to an isotonic medium, containing 10 mM mastoparan (Panel A,), 5 mM NaF and 0.1 mM AlF4
-(Panel B) or 5 mM ionomycin (Panel C), and then killed with 10% CCl3COOH at the times indicated after the stress treatment. In-gel kinase assays were performed using histone-gels as in Fig. 1 . Arrows indicate a 46 kDa protein kinase.
induced under heat shock and oxidative stress in a green alga Chlamydomonas reinhardtii 23) . To investigate whether heat shock and H 2 O 2 activate the expression of ubiquitin and the ubiquitination of proteins in Dunaliella cells, an immunoblotting assay with an anti-ubiquitin antibody was carried out with extracts of Dunaliella cells subjected to heat shock and H 2 O 2 treatment. Fig. 5 shows that signals at a relative molecular mass of 28 kDa were detected in all samples harvested at 0 min and all time points after the stress treatment and that no alteration to the signals of anti-ubiquitin-antibody cross-reacted proteins was detected underthe conditions.
Discussion
The present study using Dunaliella cells demonstrates that a specific protein kinase(s) with a relative molecular mass of 40 kDa is activated in response to particular forms of stress such as heat shock, acidification and H 2 O 2 ( Fig. 1  and 2 ), but not to UV-C, trimeric G-protein activators (mastoparan and AlF4 -) or a calcium ionophore (ionomycin) (Fig. 3) . The substrate specificity, the relative molecular mass and the susceptibility to phosphatase of the 40 kDa kinase indicate that it shares the same properties as the HAP kinase described previously 33) . However, H 2 O 2 activated a protein kinase which was detected at 40 kDa by in-gel kinase assay with histone-gel but not with casein-gel (from 30°C to 38°C); lanes 2 and 5, acid shock (from pH 7.5 to pH 3.5); lanes 3 and 6, mastoparan (10 mM). At 5 min after stress treatment, cells were killed with 10% CCl3COOH as shown in Fig. 1 and 3 . Samples in lanes 1, 2 and 3 were treated with calf intestinal alkaline phosphatase (CIP) before the in-gel kinase assay using histone-gel, while samples in lanes 4, 5 and 6 were directly subjected to the assay. Panel B: Stress treatments and immunoprecipitation were performed as described in materials and methods. Lane 1, control, lane 2, heat shock (from 30°C to 38°C); lane 3, acidic stress (from pH 7.5 to pH 3.5); lane 4, H2O2 (5 mM); lane 5, mastoparan (10 mM); lane 6, hyperosmotic stress (from 0.5 M to 1.1 M NaCl). At 10 min after stress treatment, cells were killed with 10% CCl3COOH as shown in Fig. 1 and 2 . The samples were immunoprecipitated with anti-phosphotyrosine monoclonal antibody and protein A-Sepharose CL-4B beads.
In-gel kinase assays were performed using histone-gels as in Fig. 1 . Arrows indicate 40 kDa and 46 kDa protein kinases. ( Fig. 2A) 20) and p38, a mammalian HOG1 homologues 9) , are activated by hyperosmotic shock and various types of environmental stress. Recently, SIPK (Salicylic acid-Induced Protein Kinase) 3) and ATMPK6 6, 12, 31) , MAP kinase homologues in tobacco and Arabidopsis thaliana, respectively, appeared to be activated by oxidative stress. Although HOG1 was initially characterized as a gene coding a MAP kinase associated with osmotolerance in budding yeast, it appeared to be activated by pleiotropic stress including heat shock, ethanol, acidification and oxidative stress 21) . These studies of HOG1 revealed that the profile of activators for HOG1 resembles that for the 40 kDa kinase and HAP kinase in Dunaliella with neither protein kinase phosphorylating MBP, which is a substrate for various MAP kinases. However, immunoblotting and immunoprecipitation assays failed to detect tyrosyl phosphorylation of the abiotic stressactivated 40 kDa kinase and HAP kinase. Anti-phosphotyrosine monoclonal antibody immunoprecipitated the 75 kDa but not the 40 kDa kinase (Fig. 4) , while MAP kinase usually requires tyrosyl and threonyl phosphorylation of subdomain VIII of the catalytic domain by MAP kinase kinases for its activation. Activation of HAP kinase was inhibited by K252a and staurosporin, both protein kinase inhibitors. On the other hand, the 40 kDa kinase and HAP kinase are inactivated by alkaline phosphatase treatment 33) (Fig. 4) . These results indicate that the activities of the stress-activated 40 kDa kinase/HAP kinase are regulated by the phosphorylation state of the polypeptides and not the phosphorylation of the tyrosyl residues of these polypeptides. Therefore, if a protein kinase cascade(s) is involved in stress signaling in Dunaliella cells, like the HOG1 pathway in yeast and mammalian cells, the 40 kDa kinase and HAP kinase in Dunaliella are likely to participate in protein kinase cascades other than the MAP kinase cascades. In a study using Dunaliella salina cells, Chitlau and Pick 4) reported that hyperosmotic shock activates a 74 kDa protein kinase which is immunologically related to MEK kinase 1 (MAP kinase/Erk Kinase kinase) in addition to a 40 kDa kinase. As MEK kinase1 is one of the activators of p38/HOG1 in mammalian cells, it is reasonable that the MEK kinase1-related 74 kDa kinase but not the 40 kDa kinase functions in MAP kinase cascades in Dunaliella cells, as is widely observed in higher plants and other eukaryotic organisms.
Exactly what kind of sensing mechanisms participate in the internalization of environmental stress to produce intracellular signaling molecules, and what biochemical components lie upstream of the stress-activated 40 kDa kinases, remain to be answered. It has been suggested that G-proteins are involved in the regulation of phospholipase C in plant cells 16) . The purification and characterization of a trimeric G-protein-related protein from D. tertiolecta has been reported: the G-protein cross-reacted with a polyclonal antibody raised against the common motif of mammalian trimeric G-proteins 29) . It was demonstrated that treatment with mastoparan, a trimeric G-protein activator, induced the mobilization of intracellular calcium stores and the activation of MAP kinase-like protein kinase in tobacco BY-2 cells 28) . G-protein activators, mastoparan and AlF 4 -, activated the 46 kDa kinase but not the abiotic stress-activated 40 kDa kinase (Fig. 3A and B) . Based on the difference in the effects on the protein kinases between abiotic stress and Gprotein activators, it is unlikely that G-protein signaling functions upstrem of the stress-activated 40 kDa kinase and the HAP kinase.
It was reported that treatment of seedling with H 2 O 2 caused the mobilization of intracellular calcium from pools which is different from the case of touch-and chilling-induced Ca 2+ mobilization 19) . In green algal cells, Ca 2+ and CDPK are known to have essential roles in osmotic signaling in response to hypoosmotic shock 32, 34) and in healing mechanisms after wounding 27) . However, the 40 kDa kinase was not activated by ionomycin, a calcium ionophore (Fig.  3B) . Therefore, if a mobilization of Ca 2+ occurred in Dunaliella under abiotic stresses as in tobacco cells, it is likely that an increase in the intracellular Ca 2+ concentration provides the alternative signal pathway involving CDPK and/or calmodulin rather than the activation of the stressactivated 40 kDa kinases.
The synthesis of ubiquitin, a typical heat shock protein, and the ubiquitination of specific polypeptides, were not induced by heat shock or H2O2 in Dunaliella within 20 min after abiotic stress treatment (Fig. 5) . In Chlamydomonas reinhardtii, heat shock and the reactive oxygen species, O 2 -, increased the amount of ubiquitin but decreased that of an ubiquitinated 28 kDa protein whereas H 2 O 2 had no effect on either proteins 23, 24) . The 28 kDa signal detected by immunoblotting with Dunaliella cell extracts (Fig. 5 ) possibly corresponds to an ubiquitin-conjugated histone H2B with a relative molecular mass of 28 kDa. Ubiquitinated histone H2B is widely detected as a nuclear protein in Chlamydomonas and other eukaryotic cells 22) . This suggests that the activation mechanism of the 40 kDa kinase in Dunaliella in response to various forms of abiotic stresse is independent of that of ubiquitin synthesis and alteration of the ubiquitination of polypeptides. The gene expression of salinity stressinduced proteins via a stress-responsive element is induced by transcriptional factors positioned downstream of HOG1 in budding yeast,. Furthermore, yeast genetic studies demonstrated that various salinity stress-inducible proteins, such as HSP104 and catalase T, are important for viability under halophilic growth conditions. These heat shock proteins are known to provide cross-protection to budding yeast cells against a broad range of environmental stress 21) . It will be necessary to investigate whether the abiotic stress-activated 40 kDa kinase has an important role in gene expression involving aquired tolerance under abiotic stress. The signal transduction pathways in Dunaliella cells leading to activation of the stress-activated 40 kDa kinase/ HAP kinase and the biological functions, which are regulated by the protein kinases, remains to be elucidated.
